Based on electron microscopic observations, the reproductive cycle of a relatively stable L-phase variant of Streptococcus faecalis was proposed. The small, dense, nonvesiculated L-form is envisioned as the central (core) element. It was seen to divide and bud rapidly. In addition, the dense forms appeared to be capable of growth and development within vesicles of mature mother forms. When these forms were released from the vesicles into the surrounding fluid medium, further growth occurred, resulting in the development of immature and ultimately mature mother forms. Under conditions unfavorable for L-form growth, these dense forms developed first into transitional forms and then into the bacterial form. These dense forms might therefore be considered as undifferentiated "stem cells" with the capacity to develop along several different routes, depending upon the stimulus received.
A number of recent investigations have been concerned with ultrastructure, mode of reproduction, and heterogeneity of individual organisms within L-form colonies (1, 9, 18, 19, 23, 24) . The result has been assignment of functional roles to elementary corpuscles, granules, and large bodies (1, 7, 8) , and the recognition that L-forms derived from widely divergent classes of bacteria are strikingly similar from a morphological point of view (3) .
Although various modes of replication, in addition to reversion, have been observed by light and electron microscopy (1, 8, 13, 15, 22) , no one to date has attempted to correlate all of the various modes of reproduction into a meaningful cycle based on ultrastructural characteristics. An understanding of the reproductive cycle of the L-form is essential in order to assess its role in persisting and relapsing bacterial infections, and to gain insight into clinical management of patients suspected of harboring L-forms. It was therefore the purpose of this study to attempt to organize into logical sequence observations made on behavior, morphology, and ultrastructure of a relatively stable L-phase variant (17) of Streptococcus faecalis, using gross observations, phase contrast, and electron microscopy.
(This paper is part of a dissertation submitted by M. T. G. to (20) . Resulting L-phase variants were maintained for approximately 12 months by frequent passage on penicillin-free brain heart infusion agar (Difco) supplemented with 10% horse serum.
Bacteriological media. The standard medium used for the production and propagation of the relatively stable variant was brain heart infusion agar supplemented with 10% horse serum as described by Roberts and Wittler (20) . Other media used were Eugon broth (BBL, Cockeysville, Md.) and L-form agar (12 
RESULTS
Gross observations. The M-1 L-form, when grown on solid medium, displayed typical friedegg morphology as described by Dienes (7) . In cross section, the colonies were similar to those depicted by Marraro et al. (18) . When these L-forms were allowed to remain on the agar surface without transfer, some organisms reverted to the bacterial form. These reversions occurred sporadically from 4 to 14 days after initiation of the culture. Reversion on the agar surface resulted in close association of the fried-egg L-form colony and the ordinary bacterial colony, since reverting organisms arose within the periphery of the L-form colony (Fig.  1) .
Scraped samples. A wealth of morphological forms (all spherical and membrane bound) were revealed by electron microscopic examination of organisms scraped from the agar surface 72 h after initiation of the culture. The ultrastructure of these forms was quite similar to that of the group A streptococcal L-forms described by Cole (2) and the group D streptococcal L-forms described by Corfield and Smith (4, 5) . Although tremendous individual variation was apparent, two basic types were easily discernible: large, heavily vesiculated and small, dense forms (containing few to no vesicles).
Vesiculated forms ranged in size from 4 to 11 Am and were characterized by membranebound vesicles of various sizes which appeared to aggregate in one area of the L-form cytoplasm, nuclear material being organized in another area of the cytoplasm (Fig. 2) . Elementary bodies were present within certain of the vesicles and occasionally were found arising from the L-form cytoplasm. Dense filamentous material was arranged in swirled layers (somewhat reminiscent of the arrangement of mesosomes). This filamentous material was bound by a membrane; irregular constrictions at certain points gave the appearance of a chain of beads, suggesting the pinching-off of dense bodies of approximately 0.07 ,um (Fig. 3 ). Various morphological forms and sizes of particles (from elementary bodies to forms indistinguishable from "stem cells" other than by size) were consistently observed within vesicles (Fig. 4, 5 ).
This suggests that such elements may not be "debris" as suggested by Hijmans et al. (13) . Clarification of this point, however, must await isolation and biochemical characterization of individual dense bodies of varying sizes so that a functional physiological role can be assigned. Heavily packed vesicles were observed to bulge from the confining L-form membrane, whereas the L-form membrane was observed to collapse into peripherally located, empty vesicles. In some cases, a few dense particles continued to cling to the empty vesicle membranes, suggesting that these vesicles had previously discharged their contents into the surrounding medium (Fig. 6 ). Phase-contrast microscopy allowed observation of actual rupture of bulging vesicles with release of their contents (then indistinguishable from small, dense, free-floating L-forms) into the surrounding medium.
Free-floating, dense L-forms devoid of vesicles were rarely over 1.8 ,um in diameter; however, those forms containing only one or two vesicles
were as large as 4.0 gm (Fig. 3, 4, 6) . These forms were characterized by a dense peripheral cytoplasm and an expanded nucleoid similar to those forms described by Dienes (7) (Fig. 4 [small body]). The dense forms appeared to be dividing by binary fission (constricting in the middle, resulting in forms containing peripheral as well as nuclear material) and in some cases by budding (some small segments of dense, peripheral material were pinched off, resulting in forms devoid of morphologically recognizable nuclear material) (Fig. 7) . In situ samples. Low-power electron micrographs of various portions of in situ L-form colonies indicated spatial relationships of the various morphological forms. Dense dividing forms appeared on the viable leading edge of the colony, which was immediately peripheral to aggregates of mature forms. "Ghost forms" in the central core of the colony gave the appearance of a honeycomb. Organisms found within the zone of reversion in an L-form colony appeared to be transitional in nature (Fig. 8 ) (16) . In addition, these organisms possessed mesosome-like structures not found within organisms in younger, nonreverting L-form colonies. It is of interest that Ryter postulated a relationship between mesosome loss and the stable L state (21) . The accumulation of electronopaque material within L-forms was universally noted in aging colonies (> 72 h), as well as in reverting L-forms (Fig. 8, 9 ). Organization of the opaque material into one pole of the L-form appeared to be a prerequisite for successful reversion to the ordinary bacterium. This dense material, when examined in various planes of sec- tion, was found to project a papillary process into nuclear material. A consistent correlation was observed between disorganization of this opaque material and cell death (Fig. 9) . DISCUSSION The foregoing observations have resulted in the following hypothesized reproductive cycle for a relatively stable L-phase variant of S. faecalis (Fig. 10, schematic) . Elementary bodies are capable of developing into undifferentiated "stem cells." The small, dense, non-vesiculated "stem cell" is envisioned as the central (core) element in this scheme, because it appears to divide by simple binary fission and budding, as well as to develop both within and into the mature vesiculated mother L-form under favorable conditions (colony on brain heart infusion agar < 72 h) and into bacterial forms under unfavorable conditions (colony on brain heart infusion agar >72 h).
The foregoing hypothesis brings up several interesting considerations. One such consideration involves the origin of the undifferentiated dense forms or "stem cells." The concept of the large vesiculated mother form as the more mature form is basic and is corroborated by Maxted (19) , who observed development of dense particles over a 24-h period by light microscopy, and by Bibel (1), who demonstrated by electron microscopy the appearance of such bodies in significant numbers in the late-exponential phase of growth. From our observations, it appears logical that the vesiculated "mother" form is capable of fostering growth of the smaller elementary bodies into undifferentiated dense forms which are then extruded. There is good evidence that elementary bodies of at least 0.24 ,m are in fact capable of growing into these undifferentiated dense forms (6). Bibel (1), Fass (11), and Weibull (25) (1) . These forms increase in size (2), whereupon they are capable of maturing into vesiculated mother forms (3-5), reproduction (6), or reversion to the bacterial form (7-8).
either deficient in or devoid of deoxyribonucleic acid and therefore must be considered nonviable. It seems possible, however, that these particles might be capable of maturation within the vesicle of the mother form or even after rupture of the vesicle, as long as they remain in communication with (attached to) the mother form. However, the question of the origin of the elementary bodies observed within vesicles of mature mother forms remains. Could they be synonymous with some of the smaller elementary corpuscles described by Dienes et al. (8, 10) as short chains and fragments of filaments in close association with large forms? Certain similarities are obvious when one considers the apparent pinching-off of these bodies from long, irregularly constricted filaments.
Another consideration involves reversion. Certain morphological similarities are apparent between the reverting L-forms shown by Schonfeld and DeBruijn (22) and those observed in the present study. In our study, intermediate forms demonstrated the formation of cell wall in the region of the dense body; it remains to be clarified, however, whether the forming ordinary bacterium separates completely from the L-form or whether the remaining portions of the L-form are ultimately incorporated in the bacterial form. We favor the latter interpretation because we have not observed transformation of autonomous "dense spherules" (dense bodies) into bacterial forms, as hypothesized by Schonfeld and DeBruijn (22) .
In regard to that point in the reproductive cycle of the L-phase variant when reversion to the bacterial form is triggered, it may be assumed from morphological data that the accumulation of electron-opaque material and the formation of mesosome-like structures are synonymous with aging and death, as well as prerequisites for reversion. Therefore, reversion, as well as aging, with subsequent death of the L-form may be the effect of a common cause, namely, the depletion of available nutrients and the accumulation of toxic products in the growth medium. Reversion of the L-form may aptly illustrate one of the immutable laws of nature: an organism, when faced with unfavorable environmental conditions, must adapt or die. This may raise the question of how a compromised L-phase variant mobilizes the energy necessary for reversion to the bacterial phase. It must be emphasized that our foregoing hypothesis is based on preliminary morphological studies. Further biochemical and physiological experiments such as those of King and Gooder (14) , as well as corollary data involving quantitative growth curves similar to those of Wyrick and Rogers (26) , would help to support our arguments, since this would permit a relationship of culture growth phase and age to morphology. Elucidation of the question of 
